Background: Patients with COPD are at higher risk of presenting with atrial fibrillation (AF). Information about clinical outcomes and optimal medical treatment of AF in the setting of COPD remains missing. We aimed to describe the prevalence of COPD in a sizeable cohort of real-world AF patients belonging to the same healthcare area and to examine the relationship between comorbid COPD and AF prognosis. Methods: Prospective analysis performed in a specific healthcare area. Data were obtained from several sources within the "data warehouse of the Galician Healthcare Service" using multiple analytical tools. Statistical analyses were completed using SPSS 19 and STATA 14.0. Results: A total of 7,990 (2.08%) patients with AF were registered throughout 2013 in our healthcare area (n=348,985). Mean age was 76.83±10.51 years and 937 (11.7%) presented with COPD. COPD patients had a higher mean CHA 2 DS 2 -VASc (4.21 vs 3.46; P=0.02) and received less beta-blocker and more digoxin therapy than those without COPD. During a mean follow-up of 707±103 days, 1,361 patients (17%) died. All-cause mortality was close to two fold higher in the COPD group (28.3% vs 15.5%; P,0.001). Independent predictive factors for all-cause mortality were age, heart failure, diabetes, previous thromboembolic event, dementia, COPD, and oral anticoagulation (OA). There were nonsignificant differences in thromboembolic events (1.7% vs 1.5%; P=0.7), but the rate of hemorrhagic events was significantly higher in the COPD group (3.3% vs 1.9%; P=0.004). Age, valvular AF, OA, and COPD were independent predictive factors for hemorrhagic events. In COPD patients, age, heart failure, vasculopathy, lack of OA, and lack of beta-blocker use were independent predictive factors for all-cause mortality. Conclusion: AF patients with COPD have a higher incidence of adverse events with significantly increased rates of all-cause mortality and hemorrhagic events than AF patients without COPD. However, comorbid COPD was not associated with differences in cardiovascular death or stroke rate. OA and beta-blocker treatment presented a risk reduction in mortality while digoxin use exerted a neutral effect.
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Moisés rodríguez-Mañero, 1-3, * estrella lópez-Pardo, 4 , * alberto Cordero, 3, 5 alberto ruano-ravina, 4 José novo-Platas, 4 María Pereira-Vázquez, 1 Álvaro Martínez-gómez, 1 Javier garcía-seara, [1] [2] [3] Jose-luis Martínez-sande, [1] [2] [3] Carlos Peña-gil, [1] [2] [3] Pilar Mazón, [1] [2] [3] Jose María garcía-acuña, [1] [2] [3] luis Valdés-Cuadrado, 4, 6 José ramón gonzález-Juanatey Background COPD represents one of the most prevalent medical conditions. [1] [2] [3] It is associated with significant morbidity as well as economic and social burden. 1 Moreover, COPD is one of the leading causes of mortality worldwide and is expected to become the third leading cause of death by 2020. 1 Another highly prevalent medical disorder is atrial fibrillation (AF). 4 AF patients have an amplified risk of serious complications including death, stroke, and congestive heart failure (CHF). 4 These two conditions are often seen together in light of their high individual prevalence rates. Patients who have both conditions impose high resource consumption and incur worse quality of life overall. Numerous studies corroborate that COPD patients have an increased risk of developing cardiac arrhythmias 8, 9 with a four fold risk of AF. 8 Among COPD patients, the simultaneous presence of AF confers a higher risk of hospitalization compared with COPD patients without AF. 10 Medical treatment is a major concern in this setting. Beta-blocker and digoxin use is a matter of controversy -the former in COPD patients and the latter in the overall population and specifically in AF. Subsequently, the lower frequency of beta-blocker use and higher frequency of digoxin use in the COPD population may have adverse long-term outcomes.
Notably, most of the studies analyzing the association between AF and COPD are retrospective in nature, and information relating to outcomes remains lacking.
This study aimed to 1) quantify the prevalence of COPD in a large cohort of real-world European AF patients belonging to the same healthcare area; and 2) to describe the association of comorbid COPD with prognosis in AF, specifically in relation to all-cause mortality.
Methods

study population
The study population was acquired from the database information system of the Galician Healthcare Service. 11 The information was acquired from several sources within the "data warehouse of the Galician Healthcare Service" using analytical tools (Complex Analysis Information Systems) (Sistemas de Información de Análisis Complejo, SIAC) to retrieve normalized and structured data about patient characteristics (SIAC-CID), primary health care (SIAC-AP), hospital discharges (SIAC-HA), and pharmaceutical information (SIAC-PF). Clinical coding is based on international classifications: International Classification of Primary Care-2-E, International Classification of Diseases, ninth revision, Clinical Modification (CIE-9-MC), and Anatomical, Therapeutic, Chemical classification system and is detailed in the Supplementary material. The study was approved by the Ethics Committee of Clinical Research (comité ético de investigación clínica de galicia).
aF and COPD
A qualified expert searched for specific data from different modules of the health information system and matched them with an active episode of AF for each patient using a personal identification code. Finally, once patients were identified, a data manager confirmed the correct codification of the patients (Supplementary material).
All patients coded with COPD were successively verified by one investigator (ELP). COPD was defined by a FEV 1 /FVC ratio ,0.70 after 400 µg of inhaled albuterol. 12 In line with previous studies, patients with a previous history of asthma, bronchiectasis, tuberculosis, or other confounding diseases such as severe CHF (New York Heart Association stage III-IV), obliterative bronchiolitis, or diffuse panbronchiolitis were excluded. Patients with COPD were clinically stable receiving standard medical therapy according to the American Thoracic Society/European Respiratory Society guidelines. 13 
Complications (sIaC ha-CMBD)
The Minimum Basic Data Set (MBDS) is a set of variables obtained at the time of hospital discharge, which contains administrative, clinical, and demographic data and provides information on the patient, his/her environment, the healthcare-providing institution, and the hospital course. The clinical variables (primary diagnosis, other diagnosis, surgical procedure, and other therapeutic diagnostic procedures) are the most useful instruments for the calculation of clinical activity and are coded according to the CIE-9-MC. Their use is required in all public Spanish hospitals.
The lack of efficacy and the presence of adverse effects were analyzed from the MBDS by identifying the primary and secondary diagnoses related to thromboembolic events (ischemic ictus, deep venous thrombosis, and pulmonary embolism) and hemorrhagic processes (gastrointestinal, retroperitoneal, hematuria, nervous system, and unspecified) via their CIE-9-MC (eighth and ninth revisions) codes.
The causes of death were divided into inpatient and outpatient deaths. Also based on the codes assigned to the primary cause of death, deaths were classified by a single investigator (MRM) as 1) cardiovascular death (myocardial infarction, heart failure, arrhythmia, endocarditis, embolism, or hemorrhage) and 2) non-cardiovascular death (infectious, oncologic, traumatic, digestive, renal failure, respiratory failure, hematologic, rhabdomyolysis, diabetes mellitus, neurologic disorders, vascular failure, and gynecologic).
statistical analysis
In an initial descriptive analysis, Gaussian continuous variables were expressed as mean and standard deviation and non-Gaussian continuous variables were expressed as median (minimum and maximum). To identify the differences between study groups, the parametric ANOVA test was utilized for Gaussian variables and the Kruskal-Wallis test was used for non-Gaussian variables. Categorical variables were compared using the chi-squared test. All-cause mortality was calculated using Cox regression model. The qualitative and quantitative variables included in the models were the following: quantitative: age and CHA 2 DS 2 -VASc score; qualitative: gender, valvular and non-valvular AF, peripheral arteriopathy, diabetes mellitus (insulin-dependent or non-insulin dependent), arterial hypertension, pulmonary thromboembolism, ischemic transitory accident/ stroke, heart failure, acute myocardial infarction, COPD, death (inpatient and outpatient) or treatment with warfarin/ acenocumarol, aspirin, clopidogrel, rivaroxaban, apixaban or dabigatran, beta-blockers, angiotensin-converting enzyme inhibitors/angiotensin II receptor antagonist (ACEI/ARAII), and digoxin.
The statistically significant P-values were obtained through a two-sided test; P-values ,0.05 were considered statistically significant. All statistic calculations were completed using the SPSS 19 and STATA 14.0 programs.
Results
Overall there were 7,990 (2.08%) subjects with AF (846; 10.6% valvular AF and the rest 7,144; 89.4% non-valvular AF) in the healthcare area of Santiago de Compostela (383,000 subjects) on January 1, 2013. Out of 53,684 subjects aged between 0 and 14 years, there were 0 cases with AF; in the 14-64 years age group, there were 956 cases of AF (0.38%); and finally, from 91,052 individuals (7.72%) of age .64 years, there were 7,034 AF cases.
Baseline characteristics
The mean age of the study population was 76.83±10.51 years; 4,056 patients (50.8) were women, and 937 (11.7%) patients had a comorbid COPD diagnosis (Table 1) . Mean CHA 2 DS 2 -VASc score was 3.5±1.54. As shown in Table 2 , patients with COPD were more frequently men than women. They were also older and had higher rates of diabetes, vasculopathy and heart failure than their counterparts without COPD. About 75.5% of patients with COPD received oral anticoagulation (OA) vs 72.2% of patients without it (P=0.03). There was no difference with regard to antiplatelet therapy (12.4% vs 13.2%, respectively; P=0.48). There were clear differences in beta-blocker treatment rate (45.3% vs 28.2%; P,0.001) and digoxin prescription (32.1% vs 41.0%; P,0.001) for those without COPD and those with the diagnosis, respectively.
Patients with COPD had a higher mean CHA 2 DS 2 -VASc score (4.21 vs 3.46, P=0.02), and thus, this population had a higher proportion of patients with high thromboembolic risk (CHA 2 DS 2 -VASc $2; 95.3% vs 89.2%; P,0.001) compared to those without COPD.
events Mortality
During a mean follow-up of 707±103 days, 1,361 patients (17%) died (all-cause mortality), 478 of them in the hospital (6% of total). For inpatient deaths, a diagnostic code is always assigned by primary cause of admission. This allowed us to discern the cause of death of these patients, which was cardiovascular for 175 subjects (36.6%) and non-cardiovascular for the remaining. Thirty-eight participants (7.9%) had a hemorrhagic event, with 30 (0.4%) of them having cerebral hemorrhage. Of these 30 patients, 25 were on OA, three were on antiplatelet therapy, and two were not receiving either of the former. All these events happened in patients with CHA 2 DS 2 -VASc scores $2. Differences in overall mortality were observed between patients with and without COPD ( Figure 1 ; Table 2 ). In the multivariable analysis, age, heart failure, diabetes, previous thromboembolic event, vasculopathy, COPD, valvular AF, OA antiplatelet, and absence of beta-blocker therapy were independent predictive factors for all-cause mortality (Table 3) . COPD had the highest HR for all-cause mortality which was higher than those of independent CHA 2 DS 2 -VASc components (HR =1.92, 95% CI: 1.54-2.40; P,0.001).
When the analysis was performed in the subgroup of patients with COPD, age, heart failure, vasculopathy, lack of OA, and lack of beta-blocker use were independent predictive factors for all-cause mortality (Table 4) .
Thromboembolic and hemorrhagic events
There were 125 ictus cases (1.6%) during the follow-up. There was a non-significant difference between the incidence in COPD and non-COPD patients (1.7% vs 1.5%; P=0.7). Independent factors related to ictus were age (HR =1.04; 
Discussion
In the present study, we describe the outcomes of real-world AF patients and compare the results with the subgroup who had comorbid COPD. To the best of our knowledge, this is the largest sample size of patients with both conditions reported to date. A concomitant diagnosis of COPD was found in 11.7% of included AF patients. These patients are older and more likely to be male. While the factors with the highest influence on mortality in AF are concomitant heart failure and COPD (with close to twofold risk of mortality), in the subgroup of AF patients with COPD, the most important risk factors for death during follow-up were vasculopathy and heart failure. Interestingly, in these patients, OA and betablocker treatment presented an important risk reduction in mortality. COPD was independently associated with all-cause death and hemorrhagic events but not with cardiovascular death or thromboembolic episodes in AF patients. Importantly this analysis is not delimited by age or by any other parameter, since it includes the total population of patients with AF within our healthcare area. Therefore, these results are representative and have strong external validity with no selection bias. Moreover, the most significant endpoints including all-cause mortality and hemorrhagic/ thromboembolic events have been thoroughly collected.
Background
An expanding body of evidence reveals that COPD is associated with AF. 8, 9, 14 The Malmo Preventive Project reported that after adjustment for clinical variables, FEV 1 was inversely associated with the incidence of AF. 15 The prevalence of COPD in AF patients in our healthcare area (almost 12%) is similar to that study. 15 However, in an American setting, the rate has been reported as high as 23%. 16 More recently, in the EURObservational Research Programme Pilot Survey on Atrial Fibrillation (EORP-AF) survey, COPD was found in 11% of AF patients. 17 Several mechanisms of this association have been proposed. 18 First, the increasing age of the population could be one of the major determinants. 3 Similarly, CHF and COPD often coexist, 19, 20 and both have the potential to impact one another. Our study shows that this association remains (CHF is present in 45% of those with COPD vs 25.3% of those without), emphasizing the conception that both the disorders are narrowly related. In addition to CHF, diabetes mellitus was more commonly present in COPD patients (26.8% vs 23.1%; P=0.013). Hypoxia and hypercapnia have been involved in AF occurrence in COPD. 21 Previous studies have shown that the greater vulnerability of the atrium for reentrant arrhythmias by hypoxia is based on the combination of a moderate shortening of the wavelength and an increase in homogeneity in the conduction of premature wavefronts. 18, 22 Other groups have shown that MMP-9 expression and upregulation of HIF-1a/VEGF increase in fibrillating atria, which may contribute to the atrial structural remodeling seen in these patients. [23] [24] [25] On the other hand, hypercapnia produces a marked and uniform increase in atrial refractoriness and a significant slowing in atrial conduction. 22 Moreover, hypoxemia results in pulmonary arteriolar constriction leading to pulmonary arterial and right ventricular hypertension which may predispose to arrhythmias due to the resulting right atrial dilatation. 26, 27 COPD also contributes to ventricular diastolic dysfunction, 19, 20, 26, 27 a conceivable pathophysiologic mechanism of AF initiation and/or perpetuation. 26 Oxidative stress and inflammation represent major pathogenic mechanisms in COPD, 28 but have also been associated with AF initiation and perpetuation. 29 Finally, respiratory drugs have been shown to precipitate AF. Short-and long-acting beta-agonists, anticholinergic drugs, and methylxanthine agents may increase the risk of AF in COPD. 18 
Clinical relevance
In the EORP-AF Pilot registry, 17 which had a smaller number of patients (n=339) and shorter follow-up, COPD was linked with superior rates of cardiovascular death, all-cause mortality, and the compound outcome of thromboembolic event/bleeding/cardiovascular death. Similarly, Huang et al 30 reported in 227 patients that the presence of COPD in patients with AF was an independent risk factor for 1-year all-cause and cardiovascular mortality but not a risk factor for stroke. In our population, COPD was indeed associated with all-cause mortality but not with cardiovascular death or thromboembolic events. Due to the longer follow-up of our cohort plus the higher number of patients, we believe that this association should be confirmed. Possibly, differences in the rate of beta-blocker use could have explained the differences existing in cardiovascular mortality. Beta-blockers have been conventionally contraindicated in COPD; however, current data imply that cardioselective beta-blockers are safe and lessen COPD exacerbations and mortality. 31, 32 In our population, beta-blockers exhibited a protective effect in all-cause mortality both in the general population and in COPD patients.
Another significant finding in our study is that digoxin was not associated with an increased risk for all-cause mortality. This series represents one of the largest contemporary series of COPD patients, and after adjustment for clinical factors, digoxin use had a neutral association with outcomes. Nevertheless, based on the multiple conflicting observational studies about digoxin's safety and its potential concerns, along with the well-known protective effects of beta-blockers, it seems logical to reserve this drug for those patients intolerant to beta-blockers or for those situations where dual therapy is still needed in order to achieve an adequate rate control.
It is important to highlight that 75% of our COPD patients were maintained on OA (significantly higher than patients without COPD). This could have explained the lack of difference with regard to stroke rates and the significant increase in the rate of hemorrhagic events, in particular with regard to gastrointestinal bleeding. Nevertheless, COPD was independently associated with all-cause mortality in the multivariable analysis, pointing toward an independent mechanism underlying this association. In a recent study, the rate of recurrence of peptic ulcer bleeding (PUB) was significantly higher in COPD patients than in the non-COPD-matched controls, which goes in line with our observation. The association between hemorrhagic events and COPD might be secondary to numerous factors: 33 COPD represents a systemic inflammation. Oxidative stress may cause cytotoxic injury of the mucosa by creating reactive oxygen species. 34 Moreover, cigarette smoke exposure in patients with COPD may delay ulcer healing. 35 Finally, steroid use in COPD patients has been related to delayed ulcer healing. 36 These presumed mechanisms may prompt patients with COPD to develop recurrent PUB and could explain -at least partially -the higher event rate found in this subset of patients. Due to the relevance of this novel finding, further studies addressing this relationship should be performed.
Our "real-world" data reinforce the existing evidence regarding the amplified risks in comorbid AF and COPD.
Intensified clinical follow-up should be performed in this subgroup of patients. A comprehensive clarification of the pathophysiological mechanisms linking COPD to AF could lead to better therapeutic options and reduction in mortality in this subset of patients.
limitations
There are some limitations of our study that should be acknowledged. First, it is important to highlight the fact that registered codes are from multiple physicians and are not reviewed by an independent observer, which could lead to some coding errors (ie, wrong coding of a disease for a patient). However, given the fact that it is a disease frequently encountered in several specialties, we believe that the proportion of erroneously coded patients is low, and therefore, it should not have modified the conclusions of this study. The protective effect of beta-blockers in the COPD population could be the result of beta-blocker prescription in patients with less severe COPD. The cox regression model was not adjusted for COPD severity, subsequently it is plausible that minor/early stages of the disease are not as strongly associated with the outcomes of interest as compared to those patients with more severe manifestations of the disease, where the weight of the association could be higher. Cigarette smoke exposure was not available in our records and hence was not considered in the analysis. This could also have had relevance in terms of outcomes. Finally, the cause of death is based on a diagnostic code assigned by the primary cause of admission, which could have been in some cases dissimilar to the final cause of death.
Conclusion
AF patients with COPD have a greater incidence of adverse events with significantly increased rates of all-cause mortality and hemorrhagic events than AF patients without COPD. However, comorbid COPD was not associated with differences in cardiovascular death or stroke rate. OA and betablocker treatment presented a risk reduction in mortality while digoxin use exerted a neutral effect.
